Introduction {#sec1-1}
============

With the advancement of mobile technology, development of newer applications for handheld devices, and the proliferation of broadband options, the gap between the real and virtual radiology department is decreasing day by day. Following the release of the iPad in 2010, much of the attention of researchers has been concentrated on the iPad, as it has high monitor spatial and contrast resolution, robust battery life, and is extremely portable. These features add exceptional value in the setting of emergency radiology. Several authors have outlined the potential usefulness of hand-held devices for emergency computerized tomography (CT),\[[@ref1][@ref2][@ref3]\] intracranial hemorrhage (ICH),\[[@ref4]\] and renal colic.\[[@ref5]\] The objective of our study was to evaluate the utility of iPad in the interpretation of head CTs performed in the emergency/trauma setting for detection/assessment of ICH.

Materials and Methods {#sec1-2}
=====================

One hundred CT head studies were randomly selected from our archive and anonymized. A unique identification number was assigned to each study on the picture archiving and communication system (PACS) RADSpa™ (Telrad Tech Pvt. Ltd., Bangalore, India). A mobile platform of the same PACS was utilized for iPad (Apple Inc.) review.

The iPad\[[@ref6][@ref7]\] review was compared with review on a two megapixel Dell UltraSharp™ 2007FP liquid crystal display (LCD) desktop monitor (Dell Inc.) \[[Table 1](#T1){ref-type="table"}\].
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Comparison of iPad touch and monitor display specifications
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These studies were independently reviewed by two radiologists, who were blinded to the patient\'s clinical presentation. Initially both radiologists interpreted the studies on the iPad to assess for presence or absence of ICH. ICH was further categorized into extradural, subdural (SDH), subarachnoid, intraparenchymal, and intraventricular (IVH). Following a gap of 1 week, all studies were reviewed on the desktop workstation by both radiologists. All discordant studies were further assessed by two senior fellowship trained neuroradiologists.

Accuracy rate, sensitivity, specificity, positive and negative predictive values were calculated. Statistical significance was ascertained using Fisher\'s exact test.

Results {#sec1-3}
=======

Of the 100 studies evaluated, 27 demonstrated intracranial bleeds \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. Eleven of these studies had multiple bleeds, with a total of 49 on intracranial bleeds \[[Table 2](#T2){ref-type="table"}\]. There was complete (100%) concurrence between the iPad and desktop in 99 of the studies. Forty-eight of the 49 bleeds were detected by one of the radiologists on the iPad. A tiny IVH was missed by both radiologists on the iPad as well as on the desktop workstation \[[Figure 3](#F3){ref-type="fig"}\]. A small isodense SDH was missed by one of the radiologists on the iPad.

![Axial computerized tomography section on an iPad at the level of the body of the lateral ventricles in subdural (SDH) window demonstrates a tiny left frontoparietal acute SDH (arrows)](IJRI-23-4-g002){#F1}

![Axial computerized tomography image on an iPad at the level of the high frontal lobes demonstrates bilateral acute subarachnoid hemorrhage that was seen on only one image](IJRI-23-4-g003){#F2}

###### 

Distribution of ICH
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![Axial computerized tomography images at the level of the basal ganglia (A) on an iPad and (B) on a desktop workstation demonstrate a tiny acute intraventricular hemorrhage in the trigone of the left lateral ventricle (arrow)](IJRI-23-4-g005){#F3}

The accuracy rate for the iPad and desktop workstation in detection of hemorrhage was 99.86% and 99.92%, respectively. The sensitivity, specificity, positive and negative predictive values of the iPad were 96%, 100%, 100%, and 99%, respectively. There was no statistically significant difference (*P* value \<1.00) between the iPad and desktop workstation in detection of hemorrhage \[[Figure 4](#F4){ref-type="fig"}\].

![Axial computerized tomography section at the level of the thalamus on an iPad demonstrates a tiny left frontal acute extradural hematoma (arrow)](IJRI-23-4-g006){#F4}

Discussion {#sec1-4}
==========

The iPad holds great potential in medical imaging, especially for small matrix scans, such as CT, magnetic resonance imaging, and ultrasound, which have a spatial resolution of 512 × 512 pixels or less. The iPad has a resolution of 1024 × 768 pixels, therefore any small matrix scans can be viewed at their full resolution.

American College of Radiology recommends that a minimum contrast ratio for display device for images other than mammography should be more than 50:1.\[[@ref8]\] The contrast ratio of the iPad is significantly higher than this stipulated requirement at 881:1.\[[@ref7]\]

The iPad is portable and lightweight and is a powerful computing device with an intuitive interface. The other advantage of the iPad is that it turns on quickly as compared to laptop or desktop workstation, which can be of great value in emergency radiology situations.

Mc Laughlin *et al*.\[[@ref9]\] demonstrated a 93% diagnostic agreement between general radiologists interpreting brain CT scans on an iPad and final reads by neuroradiologists. Mitchell *et al*. had demonstrated 100% sensitivity, specificity, and accuracy in detecting IPH using the iPhone with a perfect interrater agreement (Κ = 1).\[[@ref10]\] Our findings are also similar to these published results.

There are certainly some limitations of iPad, as for instance, the relatively small screen size. iPad has the option of connecting over a wireless network if the physician is indoors. Further, with newer versions of the iPad that utilize 3G and 4G networks for image download, the speed of connectivity allows for interpretation from anywhere instantly.

There are some limitations of our study. All the iPad evaluations were conducted within our department where the ambient light is kept at a necessary minimum for radiologic interpretation. In a real-life scenario, during an emergency, the physician may not have the luxury of such a viewing ambience, which may limit his/her reading efficacy. Further, this was a relatively small study that included only 100 CTs, therefore additional generalizations about the clinical utility should be deferred until additional studies on larger series of data have been performed.

The results of our study indicate that the iPad may indeed be adequate for the display of small matrix radiological images, equaling the performance of desktop computers.

Conclusion {#sec1-5}
==========

We conclude that in the emergency setting, a mobile device with appropriate web-based PACS is effective in the detection of ICH present on head CT and can be utilized to expedite diagnosis, especially in the background of radiologist shortages.
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